Very little is known about the yield and chemical composition of the essential oil isolated from cones of Tetraclinis articulata (Vahl) Masters (Cupressaceae). In continuation of our on-going work devoted to the valorisation of medicinal and aromatic plants from Tlemcen Province (North-Western Algeria), cones have been harvested in eight locations (coastal township and highlands) and 40 oil samples have been isolated by hydrodistillation. Six oil samples were analyzed by a combination of chromatographic [GC(Retention indices)] and spectroscopic techniques (GC-MS, 13 C NMR). Then, the remaining 34 oil samples were analyzed by [GC(RI)] and 13 C NMR and the 40 compositions were submitted to statistical analysis. Essential oil yields varied substantially from sample to sample (0.17 to 1.13%, w/w). The cone oils consisted mainly of monoterpenes, with α-pinene (47.1-73.6%) and limonene (6.5-21.9%) being the main components. (E)-β-Caryophyllene and germacrene D were the major sesquiterpenes. Diterpenes, (Z) and (E)-biformene were identified for the first time in T. articulata essential oil. PCA analysis of the data allowed the distinction of two groups, the second group being sub-divided into two sub-groups. Groups and sub-groups were differentiated with respect to their contents of α-pinene and limonene and, to a lesser extent, of sesquiterpenes.
Different parts of T. articulata (leaves, twigs, branches, cones, roots, wood and sawdust) produce by hydrodistillation an essential oil whose composition has been widely investigated. A strong chemical variability has been observed, depending mainly on the part of the plant exploited and the country of harvest. In short, leaf oils contained mainly monoterpenes and in contrast wood oils and sawdust oils contained more sesquiterpenes and phenylpropanoids. The various compositions of T. articulata essential oils have been reviewed in our previous paper [6] .
In continuation of our on-going work devoted to the valorization of aromatic and medicinal plants from Western Algeria [7, 8] , we recently investigated the chemical composition of the essential oil isolated from aerial parts of T. articulata and we demonstrated the occurrence of a fair chemical variability. Two main groups have been distinguished, the composition of the first being dominated by camphor and α-pinene. Group II was subdivided into two sub-groups. Samples of sub-group IIA exhibited a high content of α-pinene. Samples of the largest group, IIB, were characterized by similar contents of α-pinene and bornyl acetate [6] .
Therefore, in order to contribute to the valorization of T. articulata under various aspects, including the industrial production of essential oil, we investigated the chemical composition and the chemical variability of the essential oil isolated from cones of this plant growing wild in Western Algeria. Three studies devoted to T. articulata cone oil showed various compositions depending on the location of harvest:
-A cone oil sample from Malta contained mainly α-pinene (68.2%) and limonene (16.6%) [9] .
-Tunisian cone oil contained various components in appreciable amounts p-cymen-8-ol (10.4%), trans-pinocarveol (6.1%), fenchyl acetate (5.1%) and carvone (5.3%) [10] .
-Two Algerian T. articulata cone oil samples have been investigated, one isolated from cones harvested in Hammam Melouane (40 km South of Algiers) and one in Tipaza (70 km West of Algiers). They were characterized by a high content of α-pinene (57.5% and 75.0%), followed by limonene (20.9% and 10.6%) [11] . Both samples displayed a similarity with cone oils from Malta, but, in contrast, they differed from Tunisian cone oil.
So, the aim of the present study was to characterize the essential oil isolated from cones of T. articulata growing wild in the Province of Tlemcen (Algeria). For that purpose, forty oil samples have been isolated from plants harvested in eight locations and analyzed. The 40 compositions have been submitted to statistical analysis in order to determine if T. articulata produces homogeneous oil or if there is evidence of chemical variability.
We will first report on the detailed analysis of six cone oil samples selected on the basis of their chromatographic profile and carried out by combination of chromatographic and spectroscopic techniques ( Table 1 ). Then the results of the statistical analysis will be developed. Chemical composition of selected oil samples. Identification of individual components was carried out by GC (with retention indices on two columns of different polarity, RI), by GC-MS and by 13 C NMR, following a computerized method developed in our laboratories [12] . In total, 38 compounds were identified, accounting for 94.1-99.0% of the whole compositions ( Table 1) . Identification of 25 out of 38 components was ensured by 13 C NMR. The six oil samples contained predominantly monoterpene hydrocarbons and oxygenated monoterpenes. However, the contents of the major components (-pinene, myrcene, limonene) varied substantially from sample to sample. A few sesquiterpenes were found in appreciable contents: siberene, (E)-β-caryophyllene, αhumulene, germacrene D, -cadinene and caryophyllene oxide. Finally, two diterpenes have been suggested by MS and their identification was confirmed by 13 C NMR.
NPC Natural Product Communications
Chemical variability. Forty samples of essential oil were obtained by water-distillation of cones from individual trees of T. articulata collected in eight locations in Tlemcen Province (altitude 42 m-1210 m). The yields of cone oil (w/w) calculated from dry material, varied drastically from sample to sample (0.17-1.13%), although they were higher than those obtained with aerial parts (0.03-0.86%) [6] . Large variations were observed within a location, for instance 0.19-0.91% in Souk Tlata and 0.26-1.13% in Sebdou) ( Table 2 ). In contrast, homogeneity of the mean yield values should be noted with mean yields comprised between 0.53% and 0.63% for five locations out of eight. The 34 remaining cone oil samples were submitted to GC(FID) analysis and retention indices (RIs) of individual components were measured on two columns of different polarity. The 38 components, accounting for 91.4-99.0% of the whole oil compositions were taken into account in the statistical analysis. Monoterpenes were the main constituents of all samples. However, the concentration of the two major components varied substantially from sample to sample; α-pinene (47.1-73.6%) and limonene (6.5-21.9%) ( Table 3 ). In agreement with the five compositions previously described myrcene (up to 11.6%) was the other monoterpene present in appreciable content. (E)-β-Caryophyllene (up to 6.3%) and germacrene D (up to 6.1%) were the major sesquiterpenes identified in T. articulata cone oil. Concerning diterpenes, (Z) and (E)-biformene reached 0.8% and 0.6%, respectively. The major components are reported in Table 3 .
A combination of a hierarchical clustering dendrogram ( Figure 1 ) and principal components analysis (PCA) (Figure 2) , in which the plan defined by the two first axes described 87.65% of the total variance of the population, suggested the existence of two principal groups, which were differentiated on the basis of α-pinene, limonene and myrcene contents. In parallel, group II was divided into two subgroups IIA and IIB. Finally, sub-group IIB contained 19 oil samples out of 40. The contents of α-pinene [61.6% (2.3); 55.9-65.7%] and limonene [13.9% (4.4); 6.5-20.6%] are located between those of group I and those of sub-group IIA. The same remark is applicable to oxygenated monoterpenes and sesquiterpene hydrocarbons.
Considering the two cone oil compositions from T. articulata growing in the area of Algiers, the first one may be attributed to group I and the second one to group IIA [11] . The cone oil from Malta that displayed also α-pinene (68.2%) and limonene (16.6%) as major components differed from Algerian oils by its high content of -terpineol (4.9%) [9] . In contrast, the composition of Tunisian cone oil (p-cymen-8-ol, 10.4%; trans-pinocarveol, 6.1%; fenchyl acetate, 5.1% and carvone, 5.3%) differed drastically from those of all Algerian samples [10] .
In conclusion, cones from T. articulata growing wild in the Province of Tlemcen (Algeria) produced an essential oil whose composition is largely dominated by α-pinene, followed by limonene. However, three types of compositions may be distinguished, based on the contents of α-pinene and limonene. Therefore, the 40 oil samples were separated into two groups of 
Essential oil distillation:
Crushed cones were submitted to hydrodistillation for 2.5 h using a Clevenger-type apparatus. Yields have been calculated from dry material.
Analytical GC and 13 C NMR analysis: GC and 13 C NMR analyses were performed as previously reported [6] .
GC-MS analysis:
The essential oils were analyzed with a Perkin-Elmer TurboMass detector (quadrupole), directly coupled to a Perkin-Elmer Autosystem equipped with a fused-silica capillary column (50 m x 0.22 mm i.d., film thickness 0.25 µm), BP-1 (dimethylpolysiloxane). Carrier gas, helium at 0.8 mL/min; split, 1/60; injection volume, 0.5 µL; injector temperature, 250°C; oven temperature programmed from 60°C to 220°C at 2°C/min and then held isothermal (20 min); Ion source temperature, 250°C; energy ionization, 70 eV; electron ionization mass spectra were acquired over the mass range 40-400 Da.
Identification of components:
Identification of the components was based: (i) on comparison of their GC retention indices (RI) on polar and apolar columns, determined relative to the retention times of a series of n-alkanes with linear interpolation (Target Compounds software of Perkin-Elmer), with those of authentic compounds (ii) on computer matching with laboratory-made and commercial mass spectral libraries [13] , and (iii) on comparison of the signals in the 13 C NMR spectra of essential oils with those of reference spectra compiled in the laboratory spectral library, with the help of laboratory-made software [12] .
Data analysis: Principal Components Analysis (PCA) and
Hierarchical clustering (Ward's method) were performed by Xlstat (Adinsoft, France).
